Background
Globally, food-borne illnesses are the most common diseases affecting humans (an estimated 2 billion cases a year), and the largest contributor to this disease burden is animal-source foods [1] . Zoonotic diseases transmitted between livestock or their products and people are probably more common in developing and transitional countries than in industrialized countries [2] . Zoonoses that involve livestock as an important reservoir or definitive host, such as Rift Valley fever, brucellosis, cysticercosis, Q-fever, and anthrax ( fig. 1) , in addition to causing human illness and death and livestock production losses, also create barriers to international and regional trade. Similarly, food-borne zoonoses affect people's health and have economic consequences for individuals, communities, countries, and societies. Food safety issues play an increasingly important role in determining whether countries have access to export markets and trade opportunities among developing countries. Please direct queries to the corresponding author: Esther Schelling, International Livestock Research Institute, People, Livestock and the Environment Theme, Box 30709, Nairobi 00100, Kenya; e-mail: e.schelling@cgiar.org and esther.schelling@unibas.ch S346 E. Schelling et al. Zoonotic diseases are caused by a range of viral, bacterial, mycotic, chlamydial, rickettsial, and parasitic pathogens. Many are directly transmitted (by aerosols or contact) from animals to people and vice versa, but a large number are transmitted between animals and humans via food (e.g., milk and meat) and other animal products, water, and waste. Some zoonoses cause (severe) disease and/or mortality in both livestock and humans (e.g., bovine tuberculosis and anthrax); others are inapparent, mild, or chronic in livestock but may cause prolonged disease in humans (e.g., sleeping sickness due to Trypanosoma brucei rhodesiense and many food-or water-borne diseases such as campylobacteriosis). Yet others are important devastating diseases in livestock but are mild in humans (e.g., Newcastle disease) or are the cause of a significant disease burden mainly in immunocompromised people (e.g., cryptosporidiosis, toxoplasmosis, and giardiasis).
Zoonoses are considered neglected diseases [3] because they affect poor, marginalized populations, especially in the tropics, and it is therefore difficult to attract international attention and resources to combat them [4] . There are a few exceptions to this, such as avian influenza and zoonotic pathogens considered as potential arms for bioterrorism that are also threats for the developed world. As for other neglected diseases, the true incidences of neglected zoonoses are believed to be much higher than those reported [5] .
Zoonoses: At the intersection between livestock keeping, health, and poverty
The interrelations between livestock keeping and health are complex and not fully understood: livestock keeping can have both positive and negative impacts (box 1 and fig. 2 ). Zoonoses tend to occur in clusters, as is shown for cysticercosis or taeniosis caused by the zoonotic pork tapeworm Taenia solium in Latin America [6] . But our understanding of the epidemiologic and geographic overlap of different zoonoses is still very poor.
Zoonoses also have important implications for poverty, since poor health and health-related expenses are a major reason for falling into poverty among livestock smallholders [9] . Poverty is a predisposing factor for ill health in both animals and people, but is also a consequence [7] . The continuing practice of urban and periurban livestock keeping reflects households' continued dependence on strategies to cope with poverty, while at the same time contributing to their health by providing essential nutrients or savings [10] . Loss of animals has proportionally greater negative (2003) of countries' status with regard to anthrax based on outbreaks reported to the World Organization for Animal Health (OIE), the World Health Organization (WHO), or the global electronic reporting system for infectious disease outbreaks (http://www.promedmail.org/) and on the published literature. A semiquantified classification of countries had to be undertaken because of the scarcity of information. Underreporting is a problem not only for anthrax but also for zoonoses in general. Currently, there are very few global distribution maps for zoonoses (exceptions are rabies, cysticercosis, and brucellosis). With kind permission, map adapted from http://www.vetmed.lsu.edu/whocc/, WHO Collaborating Center for Remote Sensing and Geographic Information Systems for Public Health Department of Pathobiological Sciences, School of Veterinary Medicine, Louisiana State University, Baton Rouge, La., USA consequences for the poor, who have few animals and few other resources or assets. Increasingly, studies are investigating the associations between socioeconomic status and infection with a zoonosis [11] . The identified risk factors are particularly critical to poor livestockkeeping households and consumers of unsafe livestock products who are more vulnerable to exposure and infection and to exclusion from services than members of the better-off socioeconomic strata of the population. The main fields of interaction between poverty and the occurrence of zoonoses have been categorized as living in close contact with animals (direct exposure) and consumption of livestock products that have not been inspected, difficult access to diagnostic and treat- BOX 
Livestock keeping and health in developing countries
Health is closely associated with sufficient good-quality food, the ability to buy treatment, education, access to health services, environmental hazards, and work conditions [7] . Interrelations among people, livestock, and health can be complex and far-reaching, and we do not attempt here to describe interactions in detail. In general, livestock keeping is associated with both benefits and risks to human health, and some factors, such as exposure to zoonotic pathogens and the ability to pay for preventive and curative treatment, influence human and animal health outcomes ( fig. 2) . Animal foods provide high-quality protein, energy, and micronutrients, including calcium, iron, zinc, vitamin A, and vitamin B 12 (the latter is found only in animal-source foods and yeast), that are crucial for normal growth, function, and health. Access to animal-source foods can therefore reduce vulnerability to malnutrition caused by lack of micronutrients, particularly among children and women of reproductive age [8] and among people living with HIV/ AIDS. To date, rather little is known about the trade-off in developing countries between the health benefits of animal products and the risk of chronic disease due to increased intake of animal foods; this situation will need to be monitored and new evidence obtained to enable a judgment on whether the benefits outweigh the negative effects. Income from livestock can pay for treatment and education. Women sell livestock products from livestock assets they can own, and day-to-day income is important for the well-being of the family. Yet, very poor owners can hardly sell animals from among the modest stock they need to survive on. Livestock owners may live in harsh conditions such as remote rural zones or urban shanty towns. These living conditions are also related to marginalization from primary social services, resulting in difficult access to education, health, and veterinary services due to geographic and socioeconomic barriers. Keeping and consumption of livestock also carries risks of zoonotic infections. ment services due to absence or distance of services or inability to pay for them, and the dual burden of disease in people and livestock and loss of livestock income and assets [3] .
An added complication in the case of zoonotic food-borne disease is that food standards designed to protect human health may exclude poor farmers from lucrative high-value markets and reduce the supply of cheap animal-source foods. This would adversely affect mainly the poor who buy in informal markets, as well as the millions of intermediaries involved in the trade, processing, and selling of animal-source foods. The challenge is to find mechanisms that simultaneously enable smallholder farmers to benefit from the livestock revolution (box 2) and ensure the good health of livestock owners and consumers who currently do not benefit from effective protection from food-borne or zoonotic and environmental livestock-associated hazards.
Difficulties of sustaining zoonosis control programs in developing countries
There are efficacious tools for breaking the transmission cycle of zoonoses and thus preventing disease in people and infection of animals. Good vaccines against rabies in dogs, cysticercosis in pigs, and cystic echinococcosis in ruminants exist (although these will be available only after in-depth field testing is complete) [18] , as do sufficiently efficacious livestock vaccines against brucellosis and anthrax. A test-and-slaughter strategy in livestock can eliminate a zoonosis from a region, especially once its prevalence has been lowered, e.g., after vaccination against brucellosis. There are preventive and curative drugs for animals (e.g., canine echinococcosis, porcine cysticercosis) or humans (e.g., taeniosis). Vector control involving new technologies and community participation is effective, for example, with regard to trypanosomosis where it is further combined with chemotherapy in the cattle reservoir. In Europe, the occurrence of bovine tuberculosis in people was drastically reduced after the introduction of the pasteurization of milk at the beginning of the last century, and the prevalence in cattle was continuously decreased with the test-and-slaughter policy [19] . Behavioral changes achieved by consumer education (e.g., adequate cooking of meat) have also importantly assisted in decreasing the risk of infection from animal products in industrialized countries, where monitoring and surveillance, meat inspection, and control at slaughterhouses and processing plants are used to assure the safety of food. In recent decades, risk analysis has emerged as a key tool for improving food safety. As such, risk analysis contributes to the implementation of cost-effective Hazard Analysis and Critical Control Point (HACCP) systems, which are becoming standard in industrial food-production systems, and, in turn, HACCP has an important role in risk management.
Most of the tools described above have been successfully implemented in developing countries, but few have proved sustainable. Developing countries have great difficulties in efficiently managing zoonoses and food-borne diseases. Smallholder systems in developing countries are more complex and varied than in industrial countries. Heterogeneous in terms of degree of intensification and market orientation, importance of livestock within the household economy, and multiple functions of livestock, they range from extensive pastoral to landless, from subsistence to market-oriented, from livestock-dominated to crop-dominated, and from mixed to specialized systems [20] . In many of these systems, livestock are not simply a profit-making BOX 2. The fast-growing livestock subsector
The livestock sector has been the fastest-growing subsector in agriculture over the past several decades. This has led to the term "Livestock Revolution, " alluding to the "Green Revolution" of the 1970s and 1980s. Whereas consumption of milk grew by only a half percent per year in developed countries from 1982 to 1994, the growth was 3.1% in developing countries [12] . Livestock is kept for manure (used as fertilizer, fuel, and building material), dairy products, meat, traction, and transport. Four-fifths of poor livestock keepers live in mixed crop-livestock agricultural production systems [13] . The current expansion and intensification of livestock production in urban and periurban zones of developing countries responds to a growing demand for livestock products, particularly from urban markets. Such a fast growth with insufficient monitoring and control puts pressure on the natural resources and the environment; it carries a risk of the emergence of drug-resistant infectious agents as a result of the extensive use of antimicrobials and may drive many smallholders out of business. Broad information and training and new technologies and policies need to contribute to the formation of environmentally sustainable systems [14] . On the other hand, this increase in demand represents an opportunity for small-scale producers to participate in the economic development. Livestock provides 20% to 60% of household income for the poor, and livestock forms a component of livelihoods of at least 70% of the world's rural poor [15] . Livestock systems can exploit nonarable areas and patches in the landscape that are of little productive value to humans. Livestock production enables poor and landless farmers to earn income using public, common-property resources [16] . Livestock production also offers one of the few rapidly growing markets that the poor can join even if they lack substantial amounts of land, training, and capital. However, most growth is taking place in Asia. The overall internal growth rate in Africa may be lagging behind the population growth, and Africa may continue to be a net importer of animal proteins [17] .
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Control of zoonoses in poor communities activity, as in commercial systems, but also play a more important role in subsistence, provision of financial services, and maintenance of social ties.
Poor living conditions, owing, for example, to rapid and unplanned growth of urban centers that outstrips the capacity for the provision of safe drinking water and waste management, contribute to exposure to water-borne diseases and zoonoses that are transmitted in a contaminated environment; the main risk factor for cysticercosis infection in pigs, for example, is the absence of household latrines, leading to outdoor defecation [21] . Due to weak infrastructure (e.g., lack of roads, telephones, and television) and long distances between settlements, information does not reach a significant proportion of the widely scattered livestock holdings, and in dispersed markets food-safety rules and regulations are rarely enforced. Significant portions of the population buy and sell their animal products in the informal sector, which, by definition, escapes regulation. These informal markets are characterized by numerous small-scale, unorganized, and unspecialized producers as well as the reluctance or inability of consumers to pay for improved food quality [12] . Several cultural preferences, such as consumption of raw meat (e.g., kitfo in Ethiopia) and raw milk (e.g., in pastoral societies), favor zoonotic transmission.
Control of zoonoses and food-safety tasks have the characteristics of public goods, and therefore the public sector has been seen as an appropriate delivery channel [22] , but services in developing countries continue to be poor. The state may subcontract tasks such as vaccination and meat inspection to the private sector, but private veterinary practice covers only a small minority of farmers. Reforming public services to improve efficiency (e.g., by integrating different service provision programs, flattening vertical bureaucracies, and establishing intersectoral information exchange platforms) has had limited success. Veterinary and public health services historically have worked independently, and lack of cooperation has contributed to inadequate attention to and ineffective control of zoonoses. Governments ask themselves who will gain from and pay for interventions, with the budgets of the health and livestock sectors being managed separately. At the local level, neglected diseases are given high priority by affected communities [23] ; however, there still are too few evidence-based, bottom-up approaches that start with the concerns of the communities and allow a better understanding of opportunities and potential for control from within the communities by using community members' skills to analyze and evaluate the situation.
In addition to institutional constraints, there are capacity, training, and technical constraints. Developing countries rarely have evidence from research that can help to plan and target control efforts and to raise awareness among authorities and disseminate information among livestock owners. An unknown number of human zoonotic infections go undiagnosed, unrecorded, and thus untreated because of poor knowledge of easy-to-use diagnostic and screening tests. For example, recent studies have indicated that 30% to 50% of cases of epilepsy in endemic countries are associated with neurocysticercosis [24] . Many zoonoses cause febrile symptoms, but in sub-Saharan Africa clinicians often ascribe fever to malaria, although an estimated 50% to 80% of fevers in Africa are misdiagnosed as malaria [25] .
Objective
The challenges and constraints described above have important implications for policies, delivery of services to small-scale livestock producers, and the strategic development of new effective and generic tools for control of zoonoses. Disease-control programs designed in developed countries for industry-wide application cannot be transferred without appropriate adaptation. There may be few widely applicable blueprints, since each country will have its own context, but new ways of defining and implementing policies are needed to mitigate the disease burden of zoonoses and improve food safety in informal markets.
This paper thus reviews research innovations and trends that can help to identify and test targeted control strategies for zoonoses tailored to poor communities and solve problems that have local relevance but with prospects for national and regional application. It focuses particularly on Africa.
Methods
The information contained in this review article derives from the work of the authors, alongside a review of recommendations of relevant working groups and scientific literature. The first part reviews evaluation control options for zoonoses, outlining multisectoral approaches between the public health and livestock sectors to control zoonoses, and approaches that take account of the impact of zoonoses on the poor. The second part discusses the challenge of improving food safety in informal markets, reviewing risk-based and participatory approaches to address opportunities for small-scale producers to access markets. The third part outlines the central role of appropriate diagnostic tests in better assessing the impact of zoonotic diseases in people and livestock. The paper concludes by summarizing appropriate approaches for pro-poor control of zoonoses and drawing overall conclusions on current research trends on zoonoses in resource-poor contexts. 
Evaluation of control options for zoonoses Taking a multisectoral perspective to control of zoonoses
Although the potential livestock species transmitting zoonoses are known in most instances, their relative involvement in disease transmission to humans is often not described. Simultaneous assessments of zoonoses in people and their livestock can provide the needed evidence on epidemiological links in different contexts [26] . The INDEPTH Network assesses human demographic, mortality, and morbidity rates in large-scale Demographic Surveillance Systems (DSS) of Africa and Asia using a common set of standardized methods. Grafting a livestock component would provide a unique opportunity to evaluate determinants and associations between health outcomes in humans and their livestock, adding enormous value to existing surveillance and data-collection capacity. Joint field research studies by mixed public health-veterinary-livestock production teams can serve as a nucleus for intersectoral collaboration and enhanced sharing of information.
The stakeholders of such a research study in Chad recommended the testing of the feasibility of combining vaccination programs for hard-to-reach pastoralists and their livestock. Its subsequent implementation and evaluation has demonstrated that sharing of transport logistics and equipment between the public health and veterinary sectors can reduce total costs, and that delivery can be adapted to a pastoral setting and be highly valued by the communities and both sectors [27] .
One obstacle to intersectoral approaches has been the lack of a common measure for the importance of zoonoses. The disability-adjusted life year (DALY) has been developed as a standardized measure of disease burden in people that combines the years of life lost (YLL) due to premature death and the years of life lived with a disability (YLD). Since their introduction in the mid-1990s, DALYs have been used to prioritize disease control in the health sector by comparing interventions on the basis of effectiveness to reduce disease burden. As a result of having a comparative measure, for example Murray and Lopez [28] could show that in 1990 poor water supply, poor sanitation, and poor personal and domestic hygiene were responsible for 7.6% of total DALYs lost in developing countries. Yet, the disease burden in terms of DALYs has so far been determined for very few zoonoses (table 1) . Underreporting, widespread for zoonotic diseases, may explain why they do not score high from a total disease burden perspective and why they often do not figure high on international public health agendas. Important zoonoses with no assigned DALYs are, to name a few, anthrax, Q-fever, Rift Valley fever, cryptosporidium, and many typical food-borne zoonoses. There are global DALY estimates for Japanese encephalitis but not in conjunction with disease in animals; Schistosoma japonicum, the Asian schistosome species with important livestock (water buffalo)-human interactions, is not assessed individually within the "schistosomiasis" cluster. Several studies are under way, though, and others have begun outlining a framework for assessment of zoonoses such as Taenia solium cysticercosis [29] and bovine tuberculosis [30, 31] ).
The costs of uncontrolled zoonoses can be assessed in monetary terms for the livestock sector (reduced productivity and market losses), the public health sector (diagnosis, treatment, and hospitalization costs), and the private sector (patient or animal owner outof-pocket expenditures, opportunity costs). Where benefits from control of different sectors have been estimated, the cost of intervention could be distributed proportionally to the sectors according to their monetary benefit from control. When this comprehensive cross-sectoral analysis was applied in the studies reviewed in table 1, control interventions emerged as highly cost-effective from the public health sector perspective (costing US$25 or less per DALY averted). Cysticercosis represents an excellent model for a neglected zoonosis that will benefit from such an approach based on the "one health" concept [42] for assessing the impact of zoonoses across different sectors to raise awareness. The challenge will be to expand the application of this approach to demonstrate additional cost-effectiveness gained from integrated control of multiple zoonoses compared with efforts focused on individual diseases.
Initial studies have assessed DALYs also for foodborne zoonoses (shown in table 1). Underreporting of food-borne zoonotic infections is increasingly perceived by the public health and agricultural sectors as a major obstacle to more efficient control (see, for example, Mead et al. [43] ). It is revealing that implications for the main source, livestock, are hardly ever mentioned in these reports. To our knowledge, no study has attempted to estimate the costs of a foodborne disease (other than brucellosis and cysticercosis), such as salmonellosis, campylobacteriosis, or yersiniosis, simultaneously for both the public health and the livestock consequences of infection.
Multisectoral research approaches are thus advocated for the following: joint public health and livestock research studies to provide a better insight into the epidemiology and incidence of zoonoses and thus assist in identifying targeted control options; regional and global burden assessment of zoonoses in terms of DALYs needed to provide appropriate evidence of their public health importance and to inform policymakers; and cross-sectoral assessment of monetary benefits of zoonosis-control options that can better demonstrate the benefits of control to a region and society because they consider that zoonoses affect the health of both people and livestock. Multisectoral assessments should also be done for typical food-borne zoonoses such as salmonellosis and for simultaneous control of multiple zoonoses.
Taking account of the impact of zoonoses on the poor
Perry et al. [16] attempted to evaluate the relative importance of livestock species and livestock disease constraints on the poor through a ranking exercise with veterinary practitioners and experts in sub-Saharan Africa, South Asia, and Southeast Asia, in conjunction with a poverty and livestock mapping study [13] . The scoring criteria were the socioeconomic, zoonotic, and national impacts of livestock diseases on the poor. Zoonotic diseases were ranked separately due to the perceived difficulty of measuring the monetary value of human health impacts [31] . This study yielded important preliminary information for future validation among poor livestock-keeping populations. Pilling [44] has advanced the prioritization framework by taking into account the viewpoints of the poor. From the perspective of poor households, measuring the impact of livestock diseases and their control on daily life and taking into account the constraints these households face in maintaining good health for their family and their livestock is of particular interest. Priorities and roles of different livestock species in various contexts should be refined with livelihood analysis. Ethnographic and participatory approaches are needed to design relevant and understandable criteria for measuring impact (e.g., effects of diseases or syndromes on animals and people). Challenges in designing an index of the impact of zoonoses are the representativeness of data-collection sites and extrapolating from local to regional scale in the absence of incidence and risk data, and given highly variable and dynamic production systems. Such an index would, however, when combined with intersectoral economic assessment, as described above, represent an innovative approach to better understand and capture where (multiple) zoonoses have the highest impact on the poor.
The challenge of food safety in informal markets

Risk-based approaches for food safety in informal markets
Developing countries lack effective food-safety regulations and enforcement and consequently bear the greatest part of the global food-borne disease burden [1] . Existing inappropriate food-safety policies often fail to protect poor consumers while creating problems for poor producers and the millions of intermediaries involved in trading, processing, and retailing animalsource food. Take, for example, the case of East Africa, where hawkers are unwilling to invest in more hygienic metal milk cans because they may be confiscated by authorities [45] . An increasing share of total food production in developing countries is expected to pass through processing and marketing channels for national consumption and, provided livestock commodities can be more appropriately and equitably certified for international trade, also for export markets [46] . There is, however, concern that increased intensification makes dispersed small operators uncompetitive compared with large producers [12] , who can more easily contract with processors to standardize and certify quality [47] , alleviating the need to sell perishable products the same day, and benefiting more from marketing infrastructure. Attempting to impose undue regulatory burdens in domestic markets, without clear knowledge of their overall impacts on health and livelihoods, may exacerbate the dichotomy between formal and informal food-supply systems, reduce income for those involved in the production and sale of livestock products, and decrease access of the poor to nutritious and cheap food [48] . One possible way of improving food safety in informal markets while safeguarding livelihoods is the use of risk-based methods. In these approaches, identification of a hazard is followed by an estimation of its consequences and likelihood of their occurrence (risk), then an agreed level of protection is set at points along the pathway ("stable-to-table") identified where risk can be most effectively reduced [49] . Risk analysis provides a framework for stakeholders to determine an appropriate level of protection to balance the needs for safe food and pro-poor economic growth [50] . The evidence-based approach and the focus on the probability and likelihood of harm rather than the presence of hazards is less hostile to informal sector production, since hazards may be tolerated if they are shown not to pose great risk to consumers. The same studies on informal-sector milk in Kenya showed that although pathogens were present in milk, the practice of boiling marketed milk by consumers reduced the risk to consumers [51] . Although international organizations and developing countries recognize the need to introduce risk-based approaches also for smaller, nonexporting markets, they have been hampered from doing so by lack of capacity and the difficulty of applying risk-based methods to the nonlinear, shifting, highly variable, and self-organized production systems that characterize developing countries. Research is needed both to adapt methods and to evaluate their usefulness in protecting the health and livelihoods of consumers and those involved in the value chain for animal-source foods.
Approaches based on participatory learning and action
Participatory methodologies comprise a family of research and development approaches with common
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Control of zoonoses in poor communities elements. Stakeholder assessment, participatory rural appraisal (PRA), farmer participatory research (FPR), and participatory action research (PAR) are well-known examples. Essentially qualitative, they emphasize group work, reflection, consensus, appropriate imprecision, visual analysis, and relationship-building between outsiders and communities [52] . At their heart is the concept of participation-that is, the active involvement of those who are directly affected by an issue in making decisions about it and planning and implementing actions. A participatory community-based animal health and vaccination project controlled rinderpest in a zone of Ethiopia where the rinderpest-eradication program using conventional vaccination had no success. Community animal health workers achieved a (needed) higher level of vaccination efficiency [53] . Participatory approaches are widely used in natural resource management, but uptake has been lower in the health sector, although there is evidence that this is changing [54] . The widespread use of participatory approaches in rural development offers a range of proven approaches that can easily be adapted to managing zoonoses affecting the poor. Both a means to an end and an end in itself, participatory methods can rapidly and inexpensively gather data, decrease opposition, and improve compliance with health interventions, while increasing the sustainability of programs [55] . In democratic societies, participation is also seen as an entitlement and a means of empowerment [56] . Participation is not a panacea: it can add to costs and complexity and is prone to abuse by those who use the methods without understanding the principles [57] . But its focus on action and empowerment and wide use in rural development make it particularly suited to addressing zoonotic diseases of the poor in developing countries.
Bottom-drawer and new technologies for diagnostic tests
Diagnostics for zoonoses for use in developing-country laboratories or in the field without the need for well-trained technicians, careful quality control, and maintenance of a cold chain are a central precondition for better control of zoonoses. Advances in the development of field tests are encouraging (e.g., a dipstick test for trypanosomiasis [58] ); however, it may require years until such new tools are available where they are in greatest need, unless we can speed up the development process. This is possible. Médecins sans Frontières showed that they could coordinate the development of a rapid test for malaria within months by using existing "bottom-drawer" technology and motivated scientific experts [59] . Molecular diagnostic tools are highly accurate and are especially important for parasitic diseases. A recently introduced molecular test changed the mindset globally on how zoonotic cryptosporidiosis is distributed in animal and human reservoir hosts by enabling better understanding of the manifold Cryptosporidium genotypes [60] . Molecular tools assist in identification of infection sources and transmission routes. Source and close-to-source contamination controls have particular significance for water-borne zoonoses, as they act on a range of known and potential pathogens [61] . Ideally, new diagnostic tools should be robust for field application, applicable to multiple species (including humans), and able to detect multiple diseases at the same time.
Conclusions
In summary, we find that appropriate research approaches for pro-poor control of zoonoses include the following: » Joint public health and livestock research studies that provide a suitable insight into the epidemiology of zoonoses and thereby assist in identifying targeted control options; » Regional and global burden assessment of zoonoses in terms of DALY for appropriate evidence to inform (public health) policymakers; » Cross-sectoral assessment of monetary benefits of zoonosis-control options, considering that zoonoses lie at the interface between agriculture and human health; » Participatory and social science approaches to capture the impact of priority diseases on the poor and to assist in assessing risks in the food chain from the stable to the table within a livelihood framework; » Research on how to improve food safety in informal and formal markets of resource-poor countries with adapted risk-based approaches in a transparent process from problem identification to scientific assessment to policy decision; » Establishment of new research collaborations to develop improved diagnostic tools for neglected zoonotic diseases. » Public engagement, stakeholder involvement, provision of adapted information, and capacity-building More appropriate and sustainable approaches exist for the prevention and control of zoonotic diseases among the poor, as outlined above, but they have yet to be tested and widely applied. Continuous review and adaptation of successful and innovative strategies, combined with capacity-building, can lead to appropriate, innovative policies. To be effective, a research agenda on zoonoses and food safety of the livestock sector must be interdisciplinary, intersectoral, participatory, and integrated with prevention and control needs. Obviously, this cannot be done from within the livestock sector alone; new collaborations and institutional arrangements, notably with the public health sector, are S354 E. Schelling et al. needed to leverage expertise and to initiate and support the establishment of new competencies building on existing strengths in the livestock sector. Promoting intersectoral participation in regional and international working groups, such as the Cysticercosis Working Group in Eastern and Southern Africa, and multidonor initiatives, such as the Food and Agriculture Organization's Livestock Environment and Development Initiative (LEAD) or the African Livestock (ALive) initiative, spearheaded by the Forum for Agricultural Research in Africa (FARA) and African Union-InterAfrican Bureau for Animal Resources (AU-IBAR), as well as World Health Organization-facilitated programs on zoonoses, food-borne diseases, and control of neglected tropical diseases, adds value to the international advocacy efforts aimed at putting zoonoses on the research agenda in multiple sectors.
